182 were 18.625 μg/ml, and 1.795 μg/ml at 2 and 4 hours, respectively. As expected, 183 intraperitoneally administrated ceftriaxone accumulated rapidly in the circulation and 184 then decreased gradually during the following 2 hours. Studies with ceftriaxone in mice 185 have been challenged because the pharmacodynamics (T>MIC) of ceftriaxone do not 186 parallel those in humans. However, the ceftriaxone treatment regimen used in our studies 187 transiently achieves more than adequate serum concentrations. No differences were 188 observed in serum ceftriaxone concentrations between different mouse strains (C3H and 189 B6).
190 1  N40  C3H  ceftriaxone  5  5  10  2  B31  C3H  ceftriaxone  5  5  10  3  N40  B6  ceftriaxone  5  5  10  4  B31  B6  ceftriaxone  5  5  10  5  N40  C3H  saline  5  5  10  6  B31  C3H  saline  5  5  10  7  N40  B6  saline  5  5  10  8  B31  B6  saline  5  5  10   192   193 Tissue processing for molecular analysis. Mouse tissue samples for molecular 194 analysis were processed as previously described (47, 69), with slight modifications.
195 Briefly, samples of the heart base, ventricular myocardium (the heart was bisected 196 through the atria and ventricles, with one-half of the heart base and ventricles used for 197 nucleic acid extraction and the other half processed for histology), and the left tibiotarsal 198 joint were collected from each mouse. The samples were collected aseptically, 199 immediately weighed, snap-frozen in liquid nitrogen, and stored at −80°C before nucleic 223 amplification efficiency (E) of all assays was calculated from the slope of a standard 224 curve generated on a 10-fold dilution in triplicate for every DNA sample, using the 225 formula E = 10 (−1/slope) −1. In order to obtain accurate and reproducible results, all assays 226 were determined to have an efficiency of >95%. To quantify the copy numbers of DNA 227 target genes, plasmid standards were prepared in order to create absolute standard curves, 228 as described (71). Based on the amplification efficiencies, detection limits were 229 approximately 10 copies of DNA per reaction, and the analytical sensitivity for each 230 target gene was in the range from <10 to 10 9 copies. All samples were assayed in 231 duplicate with positive and negative controls by the qPCR optimized assays and analyzed 232 for the presence of mouse gapDH in order to determine the efficiency of the nucleic acid 233 extraction, amplification, and as an indicator of inhibition. Amplification, data 234 acquisition, and data analysis were performed on a 7900HT Fast Real-Time PCR System 235 (ThermoFisher, Scientific). The thermal cycling conditions were as follow: 2 min at 50°C 236 to 10 min at 94.5°C, followed by 40 cycles of denaturation at 97°C for 30 sec, and 237 annealing and extension at 59.7°C for 1 min.
238
Histology. Formalin-fixed rear legs (demineralized in 15% formic acid) and 239 hearts were routinely processed for histology, paraffin-embedded and sectioned at 5 μm.
240 Sections were stained with hematoxylin and eosin. All tissues were evaluated by a board-241 certified veterinary anatomic pathologist. Legs were examined for evidence of arthritis 242 and synovitis involving the knee and tibiotarsal joints as characterized by examination of 243 infiltration of neutrophils, synovial proliferation, and exudation of fibrin into joint or 244 tendon sheath lumina as well as neutrophil and macrophage infiltration of tissues at the 245 base of the heart (myocarditis). All determinations were made in a blinded fashion. Table 2 267 and Table 3 (Table 4) . When mice 319 treated with ceftriaxone evaluated at 12 months after completion of treatment, none of the 320 tissues were culture positive. In single culture two non-motile spirochetes were observed 321 (Table 4 ). Resurgence at 12 months after treatment suggests that spirochetes have 322 regained some semblance of replicative activity and/or are disseminating once again 323 within mouse tissues.
324 Fig 3A) in the majority of 341 tissue samples cultured. When mice treated with ceftriaxone were evaluated, one ear 342 tissues sample from B6 mouse infected with B31 ( Fig 3B) and one front joint tissue 343 sample from B6 mouse infected with N40 ( Fig 3C) were culture positive (Table 5) .
344 Tissues were cultured in MKP and BSK-II + carb medium, respectively. After 4 weeks of 345 incubation spirochetes in cultured medium of ceftriaxone treated mice appeared non-346 motile with irregular curves (dead), so we were unable to subculture them. These results 347 confirm our previous findings that antimicrobial-treated spirochetes are not cultivable, 348 probably as a result of being genetically impaired (plasmid loss) after treatment with 349 antimicrobials.
350 Table 5 . Culture results for individual mice treated with ceftriaxone and saline solution 351 commencing at 4 weeks after inoculation, then subjected to necropsy at 18 months after 352 completion of treatment (Table 6 ). Mean copy numbers of flaB/ospA DNA ranged from 367 389 to 13,100 (mean  SD, 3,120  3,790) and from 97 to 11,950 (mean  SD, 2,340  368 2,820) copies per tick at 12 months and 18 months, respectively. In contrast, 9 of 20 and 369 3 of 19 ceftriaxone-treated mice had one flaB/ospA PCR positive tick each, among the ten 370 ticks tested from each mouse at 12 and 18 months, respectively (Table 6 ).
371 Table 6 . flaB/ospA qPCR results of nymphal that ticks fed on mice treated with 372 ceftriaxone and saline solution prior to necropsy at 12 and 18 months after completion of (Table 7) . At 18 months inflammatory scores were greatest for 389 myocarditis in control groups C3H/N40, C3H/B31, and B6/N40 (Fig 4) . (Table 7) .
400 Table 7 . Histopathological results of heart base and tibiotarsal joint of B. burgdorferi /12  HB  +  --+  ----C3H  "  TT  +  --+  -+  --C3H  "  TT  +  --+  ----B6  "  TT  +  -+  +  ----B6  "  HB  +  --+  ----B6  "  TT  +  --+  ----C3H   Ceftriaxone  /18  TT  +  --+  ----C3H  "  TT  +  --+  ----C3H  "  TT  + 556 Interestingly, xenodiagnosis was positive in only three of nineteen treated animals. We 557 are speculating that the inability to retrieve spirochetes from all treated mice could be 558 ascribed to a clearance of spirochetes from the heart tissue. Migration of spirochetes from 559 joints to tick attachment sites, that is usually a head and/or a dorsal part of a mouse body, 560 is more distant than from a heart. It was also suggested that the efficiency of spirochetal 561 acquisition from a host to a tick depend on the intensity and duration of infection, and it 562 is significantly less during chronic infection (98). However, we recovered a few slow-563 growing spirochetes by culture from joint tissues of two mice, utilizing several specially 564 prepared media that were cordially provided by Monica E. Embers. We were unable to 565 propagate the recovered spirochetes as they lysed after 4 weeks. Obviously, the used 566 media were unable to support the prolonged growth of slow growing and impaired 567 spirochetes.
568
Here we have shown that following antimicrobial treatment, both strains of B.
569 burgdorferi, N40 and B31, generates an increasingly heterogeneous population of 570 replicatively-attenuated spirochetes that have lost one or more small plasmids. These 571 "attenuated" spirochetes remain viable, but because of their plasmid loss, they divide 572 slowly, thereby being tolerant to the effects of antimicrobials, as well as being non- 
